Organocatalysis in heterocyclic synthesis: DABCO as a mild and efficient catalytic system for the synthesis of a novel class of quinazoline, thiazolo [3,2-a]quinazoline and thiazolo [2,3-b] quinazoline derivatives Abstract Background: There are only limited publications devoted to the synthesis of especially thiazolo[3,2-a]quinazoline which involved reaction of 2-mercaptopropargyl quinazolin-4-one with various aryl iodides catalyzed by Pd-Cu or by condensation of 2-mercapto-4-oxoquinazoline with chloroacetic acid, inspite of this procedure was also reported in the literature to afford the thiazolo [2,3-b] quinazoline. So the multistep synthesis of the thiazolo[3,2-a]quinazoline suffered from some flaws and in this study we have synthesized a novel class of thiazoloquinazolines by a simple and convenient method involving catalysis by 1,4-diazabicyclo[2.2.2]octane (DABCO). Results: A new and convenient one-pot synthesis of a novel class of 2-arylidene-2H-thiazolo[3,2-a]quinazoline-1, 5-diones 9a-i was established through the reaction between methyl-2-(2-thio-cyanatoacetamido)benzoate (4) and a variety of arylidene malononitriles 8a-i in the presence of DABCO as a mild and efficient catalytic system via a Michael type addition reaction and a mechanism for formation of the products observed is proposed. Moreover 4 was converted to ethyl-2-[(4-oxo-3,4-dihydroquinazolin-2-yl)thio]acetate (10) upon reflux in ethanol containing DABCO as catalyst. The latter was reacted with aromatic aldehydes and dimethylformamide dimethylacetal (DMF-DMA) to afford a mixture of two regioselectively products with identical percentage yield, these two products were identified as thiazolo[3,2-a]quinazoline 9,13 and thiazolo[2,3-b]quinazoline 11,12 derivatives respectively. The structure of the compounds prepared in this study was elucidated by different spectroscopic tools of analyses also the X-ray single crystal technique was employed in this study for structure elucidation, Z/E potential isomerism configuration determination and to determine the regioselectivity of the reactions.
Background
The synthesis of fused heterocycles has attracted considerable interest in heterocyclic chemistry as the fusion of biodynamic heterosystems has proved to be a very attractive and useful for the design of new molecular framework of potential drugs with varying pharmacological activities. A major challenge of the modern synthetic chemistry is to design highly efficient chemical reaction sequences which provide molecules containing maximum complexity and structural diversity with interesting bioactivities in minimum number of synthetic steps. Recently, organocatalysis has increased spectacularly in the last few years as a result of both the novelty of the concept and, more importantly, the fact that the efficiency and the selectivity of many organocatalytic reactions meet the standards of established organic reactions. One of these organocatalysts is the 1, 4-diazabicyclo[2.2.2]octane (DABCO) which has received considerable attention as an inexpensive, eco-friendly, high reactive and non-toxic base catalyst for various organic transformations, affording the corresponding products in excellent yields with high selectivity [1] [2] [3] [4] [5] . We have found that the quinazolines and condensed quinazolines are versatile classes of fused heterocycles that are of considerable interest because of the diverse range of their biological properties and the potent pharmacological activities such as anticancer [6, 7] , antitumor [8, 9] , antioxidant [10] , analgesic [11] , anti-inflammatory [7, 12] , anticonvulsant [13] , anti HIV, antibacterial, antifungal [14] [15] [16] [17] , antihypertensive [18] , antileishmanial [19] and CNS depressant activity [20] . On the other hand, the considerable biological and medicinal activities of the thiazoles and their derivatives have also attracted continuing interest over the years because of their varied biological activities exemplified as antibacterial, antifungal [21] [22] [23] [24] , antitubercular [25] , anticancer [26] [27] [28] , antidiabetic [29] , anti HIV [30] in addition to large applications in the drug development for the treatment of many disease. So, on the basis of the above findings the quinazoline and thiazole are privileged structures, which attracted considerable attention in the designing of biologically active molecules and combining them in one molecule exemplified by the thiazoloquinazoline system it is expected to furnish biologically active molecule with characteristic features. In the last decade numerous methods have been developed for the synthesis of highly substituted thiazoloquinazoline system exemplified by thiazolo [2,3-b] quinazoline [8, [31] [32] [33] , thiazolo [5,4-f] quinazoline [34, 35] , thiazolo [4,5h] quinazolin [36] , thiazolo [5,4-c] quinoline [37] , thiazolo [4,3-b] quinazoline [38] and thiazolo[3,2-a]quinazoline [39] . However, after detailed literature survey it was observed that there were only limited publications devoted to the synthesis of especially thiazolo [3,2-a] quinazoline which involved reaction of 2-mercaptopropargyl quinazolin-4-one with various aryl iodides catalyzed by Pd-Cu [39] or by condensation of 2-mercapto-4oxoquinazoline with chloroacetic acid [40] , inspite of this procedure was also reported in the literature to afford the thiazolo [2,3-b] quinazoline. So the multistep synthesis of thiazoloquinazolines especially thiazolo[3,2-a]quinazoline suffered from some flaws and in continuation of our research program on the synthesis of nitrogen and sulphur containing novel heterocycles [41] [42] [43] of pharmaceutical interest and in view of the operational simplicity in this study we have synthesized a novel class of thiazoloquinazolines by a simple and convenient method involving catalysis by DABCO. The X-ray single crystal technique as an advanced tool of analysis was employed in this study for structure elucidation and for determination the regioselectivety of the reactions.
Results and discussion

Synthetic chemistry
The synthetic strategy of our study to obtain the targeted compounds began by preparing the starting material methyl-2-(2-thiocyanatoacetamido)benzoate (4) which prepared in two synthetic steps firstly by reacting the methyl anthranilate (MA) (1) with chloroacetyl chloride (2) to afford methyl-2-(2-chloroacetamido)benzoate (3) and secondly by reacting the latter with ammonium thiocyanate in refluxing acetone. Moreover conducting the reaction between the methyl-2-(2-chloroaceta-mido) benzoate (3) and the ammonium thiocyanate in absolute methanol afford two products depending on the refluxing time, 4 was formed after 6h while the methyl-2-[(4-oxo-3,4-dihydroquinazolin-2-yl)thio]acetate (5) was formed after 12 h and not compound 6 or 7 [43, 44] . Also compound 5 can be obtained by refluxing the formed methyl-2-(2-thiocyanatoacetamido)benzoate (4) in methanol [45] (cf. Schemes 1 and 2). The structure of compounds 3, 4 and 5 was confirmed through the X-ray single crystal structure determination (cf. Figures 1, 2, 3) .
Now it was of interest to explore the scope and limitations and generality of the methyl-2-(2-thiocyanatoacetamido)benzoate (4) as a precursor for the synthesis of some polyfunctionally substituted fused thiazoloquinazoline derivatives for which we might expect a wide spectrum of bioresponses. Thus the active methylene in the methyl-2-(2-thiocyanatoacetamido)benzoate (4) underwent nucleophilic addition reaction to the double bond of a variety of arylidene malononitriles 8a-i via a Michael type addition reaction [42] , by refluxing in ethanol containing 10 mol % of DABCO as catalyst to give a substance whose structure was determined as thiazolo[3,2-a]quinazoline derivatives 9a-i, as established from the accurate mass determination, 1 H-NMR and 13 C-NMR. Moreover this structure was also confirmed through the X-ray single crystal structure determination for 9a, 9c, 9d, 9f and 9h (cf. Figures 4, 5, 6, 7, 8 and Scheme 3) . It is worth mention that the short reaction times, easy workup, very good to excellent yields, and mild reaction conditions make this Michael type addition reaction followed by interamolecular cyclization both practical and attractive. It is believed that initially the carbanion which formed from 4 by the action of the base (B:) DABCO undergoes nucleophilic addition to the double bond of the arylidene malononitrile to form the adduct B followed by losing one molecule of malononitrile and subsequent interamolecular cyclization forming the thiazolidinone ring via attack of the NH moiety at SCN, and finally the thiazolo[3,2-a]quinazoline derivatives 9 was formed through losing one molecule of methanol during the another interamolecular cyclization. Also in order to confirm the above synthetic route we try to separate one of the formed intermediates during the reaction and we success to isolate the intermediate D [Ar = P-NO 2 C 6 H 4 ] during the preparation of 9e. The X-ray single crystal technique was successfully employed in this study to confirm the potential formation of the Z isomer during the preparation of 9 as a sole isolable isomer product.
To optimize the reaction conditions, we systematically investigated the reaction parameters using 4 and benzylidene malononitriles 8a (Table 1) . First, the effect of bases was investigated (entries 1-6). It was found that the DABCO afford 9a in very good yields, whereas other bases, such as piperidine, morpholine, DBU, L-proline and K 2 CO 3 were less effective. Then we probed the influence of different solvents on the reaction (entries 7-10). EtOH was found to be an effective solvent for good results. CH 3 CN, DMF, dioxane and MeOH were found to be less effective. With the optimized reaction conditions in hand, we then explored the scope and generality of the synthesizing thiazolo[3,2-a]quinazoline derivatives 9 via Michael type addition reaction followed by the interamolecular cyclization. In addition we optimized the quantity of the catalyst added, as we found that 10 mol % of DABCO is the best quantity for the reaction yield and we found that as the quantity of the added catalyst increased or decreased the yield of the reaction become lowered ( Table 2 ). In order to generate an alternative route for the synthesis of the above thiazolo[3,2-a]quinazoline 9 we conduct a reaction between methyl-2-(2-thiocyanatoacetamido) benzoate (4) and aromatic aldehydes under the same reaction conditions (EtOH, DABCO), but the structure of the obtained product was identified as ethyl-2-[(4-oxo-3,4dihydroquinazolin-2-yl)thio]acetate (10) [45] and not as 9, based on the spectrometric analyses and from the X-ray single crystal structure determination (cf. Scheme 4, Figure 9 ). Moreover refluxing 4 in ethanol only give 10 in 71% yields while refluxing it in ethanol containing DABCO affords 10 in 99% yields so the presence of the DABCO enhance the reaction yield. Also the solvent has an effect on the reaction product since refluxing 4 in ethanol give 10 while refluxing 4 in methanol give 5 (cf. Scheme 2). Although the reaction between 10 and arylidene malononitriles does not take place conducting reaction between 10 and aromatic aldehydes in acetic acid containing sodium acetate afforded two regioselectively products with identical percentage yield as indicated from the 1 H-NMR spectra, these two products were identified as 9 and 11 respectively, this mean that the regioselectively for this reaction is 50% for each route of cyclization.
The obtained ethyl-2-[(4-oxo-3,4-dihydroquinazolin-2-yl) thio]acetate (10) seem interesting precursor for the synthesis of a variety of a novel quinazoline and fused quinazoline derivatives. Thus reacting 10 with dimethylformamide dimethylacetal (DMF-DMA) yield also two regioselectively products with identical percentage yield, these two products were identified as 12 and 13 respectively, the structure of these two products was confirmed via the X-ray single crystal determination (cf. Scheme 5, Figures 10, 11 ).
Moreover reacting 10 with hydrazine hydrate in refluxing ethanol affording the corresponding hydrazide derivatives 14 which on reaction with aromatic aldehydes affording the corresponding condensation product 15, also 10 reacts with primary aromatic amines to afford the corresponding acetamide derivatives 16. In addition the triazolylquinazoline derivative 18 was formed via reaction of the hydrazide derivatives 14 with carbon disulfide in alcoholic potassium hydroxide to form 17 which on reaction with hydrazine hydrate affords the triazole 18. Moreover the quinazoline ethyl ester 10 was reacted with ethanol amine to afford the corresponding quinazoline hydroxyl derivative 19 (cf. Scheme 6).
Experimental
General
Melting points were recorded on a Griffin melting point apparatus and are reported uncorrected. IR spectra were recorded using KBr disks using a Perkin-Elmer System 2000 FT-IR spectrophotometer. 1 H-NMR (400 MHz) or (600 MHz) and 13 C-NMR (100 MHz) or (150 MHz) spectra were recorded at 25°C in CDCl 3 or DMSO-d 6 as solvent with TMS as internal standard on a Bruker DPX 400 or 600 super-conducting NMR spectrometer. Chemical shifts are reported in ppm. Mass spectra and HRMS were measured using a high resolution GC-MS (DFS) thermo spectrometers with EI (70 EV). Follow up of the reactions and checking homogeneity of the prepared compounds was made by thin layer chromatography (TLC). The crystal structures were determined by a Rigaku R-AXIS RAPID diffractometer and Bruker X8 Prospector and the data were collected at a temperature of 20 ± 1°C to a maximum 2θ value of 55.0°or 66.61°u sing the ω scanning technique. The structure was solved either by direct method using SHELXS-97 (Sheldrick, 2008) and refined by Full-matrix leastsquares on F 2 . The non-hydrogen atoms were refined anisotropically. Data were corrected for absorption effects using the multi-scan method (SADABS) or by charge flipping method and expanded using Fourier techniques. The non-hydrogen atoms were refined anisotropically. Hydrogen atoms were refined using the riding model
Methyl-4-(2-chloroacetamido)benzoate (3)
A solution of methyl anthranilate (1) (10 mmol, 1.52 g) and chloroacetyl chloride (2) (1.36 g, 12 mmol) in chloroform (50 mL) was refluxed in the presence of K 2 CO 3 (2.1 g, 15 mmole) for 3 h. Then the solvent was removed in vacuo and the residue was stirred with water (100 mL) and filtered. The solid product is then washed with 5% NaHCO 3 solution and subsequently with water. The crude product was dried and recrystallized from EtOH as white crystals, yield: 96%, m.p. 90-91°C; IR Figure 1 illustrates the structure as determined. Full data can be obtained on request from the CCDC [46] . Figure 2 illustrates the structure as determined. Full data can be obtained on request from the CCDC [47] .
Methyl-2-(4-oxo-3,4-dihydroquinazolin-2-ylthio)acetate (5) A solution of methyl-4-(2-chloroacetamido)benzoate (3) (2.27 g, 10 mmol) and ammonium thiocyanate (15 mmol) in methanol (30 mL) was refluxed for 12 h, or refluxing 4 in MeOH for 6h then the reaction mixture was allowed to cool down to room temperature. The formed precipitate was filtered off, washed with water and then recrystallised from Figure 3 illustrates the structure as determined. Full data can be obtained on request from the CCDC [48] .
General procedure for the synthesis of thiazolo[3,2-a]quinazoline derivatives 9a-i Independent mixtures of methyl-2-(2-thiocyanatoacetamido)benzoate (4) (1.25 g, 5 mmol) and the appropriate arylidene malononitrile 8a-i (5 mmol) in ethanol (25 mL) containing DABCO (0.11 g, 10 mol %) were stirred at reflux for 5 min. Then, the reaction mixtures were allowed to cool down to room temperature. The solid which formed was collected by filtration, washed with hot ethanol, and recrystallized from the appropriate solvent to afford 9a-i respectively, as pure substances. Figure 4 illustrates the structure as determined. Full data can be obtained on request from the CCDC [49] . Figure 5 illustrates the structure as determined. Full data can be obtained on request from the CCDC [50] . Figure 6 illustrates the structure as determined. Full data can be obtained on request from the CCDC [51] . Figure 7 illustrates the structure as determined. Full data can be obtained on request from the CCDC [52] . Figure 8 illustrates the structure as determined. Full data can be obtained on request from the CCDC [53] . A mixture of methyl-2-(2-thiocyanatoacetamido)benzoate (4) (1.25 g, 5 mmol) and 4-nitrobenzylidene malononitrile (1.0 g, 5 mmol) in ethanol (25 mL) containing DABCO (0.11 g, 10 mol %) were stirred at reflux for just dissolving the reaction mixture and the product began to separated from the reaction approximately after 2 min. Then, the reaction mixture was filtered off while it hot, the precipitate is 9 and the filtrate containing the intermediate D which allowed to cooled to room temperature. The precipitate which formed was filtered off and washed with water and recrystallized from dioxane as pale yellow crystals: m.p. 282-283°C; IR Figure 9 illustrates the structure as determined. Full data can be obtained on request from the CCDC [54] .
General procedure for the reaction of 10 with aromatic aldehydes A mixture of ethyl-2-[(4-oxo-3,4,-dihydroquinazolin-2yl)thio]acetate (10) (1.32 g, 5 mmol) and the appropriate arylaldehyde (5 mmol) in acetic acid (25 mL) containing anhydrous sodium acetate (0.84 g, 10 mmol) was refluxed for 5 h. The reaction mixture was then cooled to room temperature. The precipitate which formed was filtered off and washed with water and the resulting crude product was purified by recrystallization from the appropriate solvent to afford a mixture from 9 and 11 in ratio 1:1 as illustrated from the 1 H-NMR spectra. We cannot separate the mixtures by crystallization or by long column chromatography due to the difficult solubility of the mixtures so the reported spectral data are for both products (cf. Additional file 1).
HRMS (EI)
: m/z calcd. for C 17 H 9 ClN 2 O 2 S (M + ) 340.0067, found 340.0067.
General procedure for the synthesis of compounds 12 and 13
A solution of ethyl-2-[(4-oxo-3,4,-dihydroquinazolin-2-yl) thio]acetate (10) (2.64 g, 10 mmol), N,N-dimethylformamide dimethylacetal (DMF-DMA) (1.2 g, 10 mmol) in ethanol (30 mL) were stirred at reflux for 6 h. The separated solid product obtained on standing at room temperature was collected by filtration, washed by EtOH and recrystallized from EtOH the dissolved product was identified as 12 and the undissolved one recrystalized from DMSO and identified as 13. Figure 10 illustrates the structure as determined. Full data can be obtained on request from the CCDC [55] . Figure 11 illustrates the structure as determined. Full data can be obtained on request from the CCDC [56] . Carbon disulphide (20 mmol) was added drop wise to an ice cold solution of potassium hydroxide (10 mmol) in absolute alcohol (30 ml) containing acetohydrazide 14 (1.25 g, 5 mmol). The reaction mixture was stirred continuously for 24 h at room temperature. The precipitated potassium thiocarbamate 17 was filtered off, washed with chilled diethyl ether then dried and directly used for the next step without further purification. The above potassium thiocarbamate was mixed with water (8 mL) and hydrazine hydrate (15 mmol) and refluxed for 4 h. The reaction mixture turned green with evolution of hydrogen sulphide and finally it became homogeneous. The reaction mixture was cooled to room temperature and poured onto ice cold water. On acidification with acetic acid, the required triazole 18 was precipitated then filtered off and washed with cold water and dried. It was purified by recrystallization from EtOH/DMF 
5-Oxo
Conclusions
In conclusion a simple and efficient one-pot synthesis of a novel class of 2-arylidene-2H-thiazolo[3,2-a]quinazoline-1,5-diones 9a-i was established through DABCO catalyzed Michael type addition reaction. In addition many fused quinazoline and quinazoline derivatives were synthesized which appeared as valuable precursors in synthetic and medicinal chemistry. Moreover the X-ray single crystal technique was successfully employed in this study for structure elucidation, Z/E potential isomerism configuration determination and to determine the regioselectivity of the reactions.
